The present study was aimed at examining the combined effect of five species of rhizobial inoculation (Control, Bradyrhizobium sp. (Vigna), Rhizobium leguminosarum bv. viciae, Bradyrhizobium Mungbean, Mesorhizobium ciceri, and Rhizobium leguminosarum bv phaseoli) at three levels (120, 240, 360 kg.ha -1 ) of NPK on the physiological characteristics, yield components, and leaf chemical content of two wheat species. The results indicated that all physiological characteris tics and all nutrient contents of leaf under study, total dry weight of plant at harvest, spike weight, grain number, grain yield, biological yield, and harvest index increased significantly as a result of the interaction between the chemical fertilizer, the biofertilizer, and the wheat species. It was observed that the combination of rhizobial bacteria and wheat species had a positive effect on the physiological characteristics, leaf nutrient contents, and yield components, but not on spike length, spikele t number, and weight of 1000 grains. Our data suggested that a lower level of NPK fertilizer and rhizobial inoculation should be combined in order to achieve the greatest effect on yield components. Also, different types of rhizobial bacteria should be used as biofertilizer in order to improve wheat production.
Introduction
As one of the first cultivated plants, wheat is regarded as the most significant cereal because it is a major food supply for human. There are numerous species of wheat. For example, macaroni wheat (Triticum durum) is a tetraploid wheat species which are cultivated in order to fulfill the demands of the pasta market, whereas Triticum aestivum is a hexaploid species that is widely grown throughout the planet (Abou-Taleb and Gomaa, 2012). This species (i.e. Triticum aestivum) is one of the most important crops worldwide (Wang et al., 2018) . Given the fact that there has been a huge global demand for food as a result of increased world population over the last few decades, a large number of research studies have been aimed at increasing food production so as to meet humanity needs around the world. These diverse researches have included environmental, physiological, agricultural, and genetic studies which all aimed to increased crops productivity (Elghair, 2012) .
In order to increase the yields, there has been an increase in the use of mineral fertilizers which are very costly and cause pollution in many ways. Therefore, researchers have always attempted to control such threats by producing alternative substitutes which are more economical, environmentally friendly, and properly improved. In this regard, use of beneficial microbes or plant growth promoting rhizobacteria has been proposed as the best approach to improve crop yield (Adnan et al., 2014) . Another widely utilized method to enhance soil fertility and crop productivity is the use of chemical fertilizers which have a negative effect on the complex system of biogeochemical cycles. One of their negative effects, for example,
The experiment was carried out in the Glasshouse of Biology Department, College of Science, University of Salahaddin-Erbil during winter 2016-2017. The experimental plants used in this experiment included wheat (Triticum aestivum) cultivar Hawler2 and (Triticum durum) cultivar Seminto that were obtained from the Agricultural Research Center in Erbil. The experiments were carried out using plastic pots with a depth of 25 cm and a diameter of 30 cm. Using a 4 mm pore size sieve, the soil was sieved and then sterilized using formalin 40% as described by Elia et al. (1987) . Each pot was filled with 8 kg sandy clay loam soil. Table 1 presents some of the chemical and physical properties of the soil before the treatments. A sufficient number of wheat seeds were separated and disinfected with 95% ethanol for 30 s and then washed with sterilized distilled water at least 8 times (Etesami et al., 2009 ). In each pot, 5 seeds were sown at a depth of 3-4 cm and later thinned to four plants. 
Isolation of Rhizobial sp
Five strains of rhizobia including Bradyrhizobium sp. (Vigna), Rhizobium leguminosarum bv. viciae, Bradyrhizobium Mungbean, Mesorhizobium ciceri and Rhizobium leguminosarum bv. phaseoli were isolated from Vigna unguiculata, Vicia faba, Vigna radiata L., Cicer arietinum L., and Phaseoulus vulgasrous root nodules, respectively which were growing for 2-3 months under field conditions at a different area of Erbil city. Afterwards, the host plants which had some non-rhizopheric soil on them were uprooted, and they were placed in polythene bags and taken to the laboratory. By shaking the uprooted plants, their non-rhizospheric soil was removed. Moreover, by dipping and shaking them in water, their rhizospheric soil was removed. The nodules were separated from the roots with a sterilized razor blade, and each of them was placed in a separate Petri plates. The surface of the nodules was disinfected by dipping them in ethanol (95%) for 20 s and then in HgCl2 (0.2%) solution for 3 min followed by washing them with sterilized distilled water 6 times. Using a sterilized glass rod, the surfacedisinfected nodules of each host were crushed in a sterilized test tube containing sterilized distilled water. The obtained suspension was used to inoculate Petri plates that contained autoclaved and solidified yeast extract mannitol (YEM) media which was then incubated at 28 ± 1 °C for bacterial growth (Mehboob et al., 2011) .
Preparation of inoculums
In order to complete the preparation of inoculum, the selected isolates of rhizobia were grown in 250 mL conical flask containing 100 mL YEM broth by incubating at 28 ± 1 °C in an orbital shaking incubator at 100 rpm for 3 days. In order to obtain uniform cell density (i.e. 10 8 to 10 9 CFU mL -1 ), dilution method was employed in so as to record an optical density of 0.5 at a wavelength of 535 nm (Mehboob et al., 2011) . Inoculation of 10 ml (10 8 -10 9 CFU.mL -1 ) per seedling was done at the base of the plant ten days after germination.
Experimental design and treatment
The current experiment included 6 treatments of rhizobial inoculums (i.e. Control, Bradyrhizobium sp. (Vigna), Rhizobium leguminosarum bv. viciae, Bradyrhizobium Mungbean, Mesorhizobium ciceri, and Rhizobium leguminosarum bv. phaseoli) and 3 levels of NPK (20:20:20) fertilizers (120, 240 and 360 kg.ha -1 ), making a total of 36 treatments per replication. The experiment was carried out using a factorial complete randomized design (Factorial C.R.D.) with 3 replications. The comparisons between means were made using Tukey test at significant level of 5% for field experiment parameters and 1% for laboratory parameters. SPSS version 16 was used for data analysis.
Experimental parameters

Physiological parameters
The spectrophotometric method as described by Lichtenthaler (1987) was employed to measure chlorophyll a, chlorophyll b, and carotenoid based on the flag leaf samples that were collected at flowering stage during the growing period.
In order to determine the membrane stability index (MSI), the method proposed by Premachandra et al. (1991) was utilized.
Biochemical contents
Dried leaves at flowering stage were ground by an electrical grinder. Afterwards, 0.3 g of the ground samples was digested by adding 10 ml H2O2 and 10 ml concentrated H2SO4, and they were heated. After that, Kjeldahl method was employed to determine the total nitrogen, spectrophotometer method was used to estimate the total phosphorus, atomic absorption method was utilized to estimate the total calcium and iron, and flamephotometer method as described by Ryan et al. (2001) was used to determine the total potassium determined. Moreover, by multiplying the value of total nitrogen by 5.75, the total protein was calculated (Dalaly and Al-Hakim, 1987) . Also, the Anthron method (Sadasivam, 1996) was utilized to determine the total soluble carbohydrate.
Yield components
At harvest, main spike length (cm), number of grains.plant -1 , weight of spikes.plant -1 , grain yield (kg.ha -1 ), biological yield (kg.ha -1 ), number of spikelets.spike -1 , harvest index (%), weight of 1000 grains (g), and increase grain yield (%) were estimated. The following formula proposed by Ye et al. (2005) was employed to determine the increased grain yield. The results also indicated that the highest values of chlorophyll a and cell membrane stability were obtained by adding 360 kg.ha -1 of NPK (see Table 3 ). On the other hand, using 240 kg.ha -1 of NPK led to obtaining the maximum value of total chlorophyll and carotenoid. The results presented in Table 4 revealed that Triticum durum significantly surpassed Triticum aestivum regarding the total chlorophyll and cell membrane stability, while wheat species had no effect on chlorophyll a, chlorophyll b, and carotenoid. As indicated in Table 5 , Rhizobium inoculation resulted in significant increase in physiological parameters in both wheat species. The highest values of chlorophyll a and carotenoid were respectively 1.501 and 0.750 mg.g -1 that were recorded in B2 of Triticum durum, while highest value of chlorophyll b was 1.258 mg.g -1 and the total chlorophyll was 2.737 mg.g -1 , which were recorded in B3 of Triticum durum. The results presented in Table 5 also revealed that the highest value of cell membrane stability was 94.417% that was recorded in B1 of Triticum durum. According to the results presented in Table 6 , different levels of NPK fertilizer led to significant increase in photosynthetic pigments and cell membrane stability of the two wheat species. The highest value of all photosynthetic pigments was recorded at 240 kg.ha -1 of Triticum durum, while using 360 kg.ha -1 of Triticum durum resulted in the highest value of cell membrane stability.
The data presented in Table 7 show how photosynthetic pigments and cell membrane stability were influenced by different combinations of different levels of NPK fertilizer and different species of rhizobial bacteria. As indicated, using 240 kg.ha - to highly significant increases in chlorophyll a, total chlorophyll, and carotenoid. However, the highest value of chlorophyll b was obtained as result of using 240 kg.ha -1 with B5. Moreover, using 360 kg.ha -1 of NPK with B5 led to the highest cell membrane stability. Leaf photosynthetic pigments and cell membrane stability increased significantly in both wheat species as a result of Rhizobium inoculation and chemical fertilizer treatments (see Table 8 ). Triticum durum with 240 kg.ha -1 of NPK combined with B2 surpassed other interactions and resulted in the highest chlorophyll a and total chlorophyll. Furthermore, Triticum durum with 240 kg.ha -1 of NPK integrated with B5 and B4 led to the maximum chlorophyll b and carotenoid pigments, respectively, while adding 360 kg.ha -1 of NPK with B1 in Triticum durum brought about the highest value of cell membrane stability. 
Biochemical contents
The results presented in Table 9 demonstrate that the highest values of nitrogen, iron, and protein were recorded by adding B3. Also, phosphorus and carbohydrate reached their highest values as a result of adding B5. Moreover, the maximum values of potassium and calcium were recorded by adding B1 and B4, respectively.
In was also observed that the highest values of nitrogen, phosphorus, iron, and protein were obtained as a result of using 360 kg.ha -1 of NPK (see Table 10 ). Furthermore, adding 120 kg.ha -1 of NPK resulted in the greatest potassium content of leaves. Also, 240 kg.ha -1 of NPK brought about the highest values of calcium and carbohydrate.
According to the data presented in Table 11 , Triticum durum surpassed Triticum aestivum significantly in all leaf nutrient contents under study except potassium and calcium which were better in Triticum aestivum than Triticum durum. It was also observed that the nutrient contents of the leaves in both wheat species increased significantly as a result of different species of Rhizobial inoculation compared with the control species (see Table 12 ). The highest values of N (50079.67 mg.kg -1 ), Fe (263.34 mg.kg -1 ), protein (287.96 mg.g -1 ), and carbohydrate (356.79 mg.g -1 ) were observed in B3 of Triticum durum, while the highest values of P (4350.08 mg.kg -1 ), K (10555.82 mg.kg -1 ), and Ca (8841.02 mg.kg -1 ) were respectively recorded in B5 of Triticum durum, B1 of Triticum aestivum, B4 of Triticum aestivum. The results also revealed that NPK fertilizer had a significant effect on all nutrient contents of the leaves in both wheat species (see Table 13 ). In addition, using 360 kg.ha -1 of NPK for Triticum durum led to the highest values of nitrogen, phosphorus, and protein. Moreover, 120 kg.ha -1 NPK of Triticum aestivum and 240 kg.ha -1 NPK of Triticum aestivum led to the maximum values of potassium and calcium, respectively. Furthermore, adding 120 kg.ha -1 NPK of Triticum durum brought about the highest iron and carbohydrate content of the leaves. Table 14 presents the data related to the effects of the chemical fertilizer combined with biofertilizer on the nutrient contents of the leaves. As observed, the highest values of nitrogen and protein contents of the leaves were obtained at 360 kg.ha -1 of NPK with B3. On the other hand the maximum value of phosphorus contents of the leaves was obtained at 360 kg.ha -1 of NPK with B5, while the greatest values of potassium and calcium were obtained in 240 kg.ha -1 of NPK with B4. Moreover, adding 120 kg.ha -1 with B3 led to the maximum values of iron and carbohydrate.
The interaction effects of different species of rhizobial bacteria and different levels of NPK on the two wheat species are presented in Table 15 . Adding different types of rhizobial bacteria to the soil at different levels of NPK led to significant increase in Fe, P, N, Ca, K, protein, and the leaves' carbohydrate contents in both wheat species. Application of 360 kg.ha -1 of NPK with B3 led to the highest nitrogen and protein contents of the leaves in Triticum durum. The highest values of carbohydrate, phosphorus, and iron were recorded by utilizing 360 kg.ha -1 of NPK with B4 of Triticum durum, 120 kg.ha -1 of NPK with B5 of Triticum durum, and (120 kg.ha -1 of NPK with B3 of Triticum durum, respectively, while the highest values of potassium and calcium were obtained through 240 kg.ha -1 of NPK with B4 of Triticum aestivum. 
Yield components
The results presented in Table 16 reveal that, compared with the control treatment, soil application of different rhizobial bacteria had a significant effect on some yield components. In addition, using B4 led to the maximum values of total dry weight of 54.31 g.plant -1 , spike weight of 8.09 g, grain number of 106.22, and biological yield of 7895.18 kg.ha -1 , and utilizing B3 resulted in the highest grain yield of 2823.15 kg.ha -1 and harvest index of 38.43%. According to the results presented in Table 17 , it can clearly be observed that adding 360 kg.ha -1 resulted in the maximum increment of total dry weight, spike weight, grain number, grain yield, and biological yield. Moreover, using 120 kg.ha -1 of NPK led to the highest value of harvest index.
According to Table 18 , some yield components were affected by wheat species, such that Triticum aestivum surpassed Triticum durum regarding spike length, grain number, and harvest index, while Triticum durum surpassed Triticum aestivum significantly in terms of total dry weight, spike weight, grain yield, biological yield, and weight of 1000 grains. The results presented in Table 19 revealed that different species of rhizobial bacteria had a significant effect on some yield components of both wheat species. Applying B2 with Triticum durum resulted in the highest values of grain yield (2941.26 kg.ha -1 ), total dry weight of plant (63.04 g.plant -1 ), and biological yield (8922.86 kg.ha -1 ). Also, B4 with Triticum durum led to the highest value of spike weight (9.21 g). Moreover, the highest value of grain number (127.50) was obtained by utilizing B5 with Triticum aestivum, and the maximum value of harvest index (45.76%) was obtained as a result of using B3 with Triticum aestivum. In addition, the two wheat species were significantly different in terms NPK levels (see Table 20 ). In general, the highest values of most yield components were observed at NPK3 for both species, while the highest values of weight of 1000 grains and harvest index were obtained by adding 240 kg.ha -1 of NPK of Triticum durum and 120 kg.ha -1 of NPK Triticum aestivum, respectively. The results presented in Table 21 indicate the interaction effects of chemical fertilizer and rhizobial bacteria on some yield components. As observed, the highest values of total dry weight, spike weight, grain number, and biological yield were gained by adding 360 kg.ha -1 of NPK with B4, and the highest values of grain yield and harvest index were obtained by adding 240 kg.ha -1 of NPK with B4. The results presented in Table 22 indicate that combining different species of rhizobium with different levels of NPK had significant effects on some yield components including total dry weight of plant, weight of spike, number of grains, grain yield, biological yield, and harvest index in both species. As observed, the highest grain number was obtained in Triticum aestivum with 360 kg.ha -1 of NPK with B5, while the maximum total dry weight and biological yield were observed in Triticum durum with 120 kg.ha -1 of NPK with B2. Moreover, the greatest grain yield was achieved in Triticum aestivum by adding 120 kg.ha -1 of NPK with B3, and the highest value of spike weight was recorded in Triticum durum by adding 240 kg.ha -1 of NPK with B4. Furthermore, the highest value of harvest index was obtained in Triticum aestivum by adding 120 kg.ha -1 of NPK with B3. Figure 1 indicates that soil application of 120 kg.ha -1 of NPK with B2 increased the grain yield by 111.19% compared to the control. The results also showed that combining the lower level of NPK fertilizer with rhizobial inoculation had the greatest effect on the yield components. Figure 1 . Interaction effect of wheat species, chemical fertilizer, and rhizobial species on percentage increase of yield
Discussion
A common anthropogenic alteration to terrestrial systems is application of fertilizers. An increase in nutrient input can have a direct impact on soil microbial diversity or function by altering soil environments, or an indirect effect through plant-microbe feedbacks with potentially important effects on ecologically-important plant-associated mutualists (Simonsen et al., 2015) . Chemical fertilizers can be used in order to increase soil nutrients and crop yields (Jia et al., 2018) . Nitrogen (N), phosphorus (P), and potassium (K) are the major nutrients required by the crop, and the reproductive capability, growth, and yield of the plant can negatively be affected by inadequate supply of any of these nutrients during crop growth (Okechukwu, 2011) . However, excessive use of mineral fertilizers can generate several environmental problems such as potential pollution to soil, water, and air (Stajković-Srbinović et al., 2014). The present study was aimed at minimizing the use of chemical fertilizer and improving wheat production and environmental risks. The results showed that combining chemical fertilizer and biofertilizer can improve wheat growth and development. The positive effects of the biofertilizer on physiological parameters, biochemical contents of leaves, and yield components under study can be attributed to the fact that rhizobial bacteria are involved in the production of phytohormone, leading to changes in root morphology and physiology that resulted in an increase in nutrient and water uptake of the wheat species from the soil (Mia and Shamsuddin, 2010). Adesemoye and Kloepper (2009) pointed out that plant-PGPR interactions can lead to various benefits such as improvement in seed shoot weights, germination rate, yield, chlorophyll content, leaf area, hydraulic activity, and protein content. Given the production of siderophores and nutrient uptake due to better root system, rhizobial bacteria have mostly been used to promote photosynthetic pigments. Research has indicated that bacterial production of siderophores enhances chlorophyll content and growth of plants due to the selective iron uptake from the solutions of trace elements, and production of siderophores inhibits free radical formation, substantiates the oxidative stress, and prevents the uptake of heavy metals (Ullah et al., 2017) . Moreover, the role of Rhizobium sp. in enhancement of stress tolerance leads to an increase in cell membrane stability (Mia and Shamsuddin, 2010) because cell membranes are one of the first targets of many plant stresses (Bajji et al., 2002) . Due to urgent need for increased global wheat production, wheat tolerance to biotic and abiotic stresses should be should be improved more (ElBasyoni et al., 2017). As pointed out by Mehboob et al. (2011) , growth and yield of wheat can be promoted by isolates of Rhizobium spp. Rhizobium inoculation can lead to yield enhancement in wheat parameters, which can be attributed to the fact that applying biofertilizers have been proved to lead to high quality yield and avoid environmental pollution (Das et al., 2008) . The findings of the present study are in agreement with those of the studies carried out by Agamy et al. (2012) and Adnan et al. (2016) . It should be noted that plant species and their genotypes are genetically different in terms of their ability to uptake and metabolize elements.
Conclusion
Based on the results of the present study, it was observed that the combination between lower levels of NPK fertilizer and rhizobial inoculation had the greatest effect on yield components; therefore, such combinations are recommended to be utilized. Recently, biofertilizers have become an important means in agriculture because they use
